We report an investigation of eyelid opening in preterm neonates. All observations were made in the cots with no interventions of any sort by the observer. This permitted the study of even the most immature preterm neonates. The association between degree of eyelid opening, behavioural state, illumination, and other external events are discussed.
Patterns of eyelid opening in neonates, particularly if they are born prematurely, are largely unknown. There are only two specific reports on this topic. Berman et a1l estimated that eyelids remained closed for 80% of the time and considered that eyelid closure was a significant factor in limiting the exposure to light of infants at risk of retinopathy of prematurity. Details of the gestational ages of their subjects were not provided. Moseley etal investigated the effect of varying illumination on a small group of neonates ranging from 33 to 40 weeks' postmenstrual age,2 and also observed that eyelids remained closed for about 80% of the time. In this study observations were carried out in a small quiet room immediately after a feed, with observations limited to a three hour study period. To date the pattern of eyelid opening in neonates over a complete 24 hour period has not been reported; this may be relevant to visual development, ocular protection, and growth.
We report an investigation of eyelid opening in preterm neonates. All observations were made in the cots with no interventions of any sort by the observer. This permitted the study of even the most immature preterm neonates. The association between degree of eyelid opening, behavioural state, illumination, and other external events are discussed.
Subjects and methods
Observations were carried out in two neonatal units in the East Midlands: unit A (Leicester Royal Infirmary) and unit B (City Hospital, Nottingham). Both units are divided into high and low dependency nurseries. Artificial lighting is maintained over the 24 hour period in unit A and in the high dependency rooms ofunit B. In the low dependency area ofunit B, however, artificial illumination is reduced between 2000 and 0700 hours each day. A regimen of reducing night time illumination and noise has been maintained in this area since a previous study3 attributed improvements in sleep and feeding patterns to these changes. The illumination of the two neonatal units was measured at a series of randomly selected times during a 24 hour period: light intensity in the high dependency nurseries was about 500 lx with no nocturnal decrease. Similarly, the low dependency nurseries had a light level of 500 lx during the day. When the lights had been dimmed in unit B, however, the measured intensity of illumination fell to 1 Ix compared with the 500 lx recorded in unit A.
The subjects were 49 preterm infants born between 24 and 35 weeks' gestational age ( A maximum of four neonates were studied during each sampling period, which lasted for four hours, because pilot observations had shown that this included a complete cycle between feeds, the most regular disturbance for every neonate. Each minute during the sampling period, the observer moved round the room and recorded the behavioural state, degree of eyelid opening for each eye, incidence of handling, and position in the cot or isolette for each of the neonates being studied. Care was taken to record handling only if a person was in physical contact with the baby at the moment the observer arrived at the isolette, incubator, or cot. A total of 240 observations (one each minute) was made under each category heading during each four hour sampling period for each baby being observed. If less than four infants were being observed the observer still only allocated 15 seconds to each infant (this included the time taken to travel from cot to cot). Two hundred and eight sampling periods were included in this study (unit A-152; unit B-56). To obtain a complete pattern of events throughout the 24 hour period, the start time of the sampling period was varied throughout the day and night.
The infants were enrolled into the study before the first period of observation, thus it was possible that they could be undergoing phototherapy during the sampling period. In this case the infants were still studied and a note was made if the eyes were covered with phototherapy eyeshields. The data about eyelid opening collected from these infants was not included in the main analysis as an assessment of eyelid state could not be made every minute. After each observation period the health of each infant was graded according to the criteria given in (table 4) . This difference in mean eyelid closure for unit A (mean 77%, range 47-100%) and unit B (mean 64%, range 23-96%) was significantly (p<0-002) when compared by multivariate analysis which took the subject's age and health variation into consideration. In addition, the mean duration of periods of eyelid opening intervals (categories II to IV) was similar in units A and B during the day but when the lights in unit B had been dimmed, the average length of time in which the eyes were open increased from 3 to 11 minutes (p<O.OOl).
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Neonates in unit A were observed to lie with their heads turned to the right for greater than 80% of the observations, while those in unit B spent about half of the time lying on either side.
Analysis of the disturbances to each infant suggested that there was a periodic pattern of events throughout the day with respect to feeds, nursing procedures, and holding, with medical interventions being made as required for the treatment of the babies. A typical summary for a single infant compiled from a series of four hour sampling periods made during the first week of life is shown in fig 3. During such 24 hour periods infants undergoing intensive care were medically disturbed ofi average 25 times, while the healthier infants were disturbed less often (10 times) (p<0-005). No significant differences were found in the number of nonmedical interventions between the two high dependency units studied. Both units have a policy of minimal handling-that is, as many disturbances as possible are grouped-even so, these neonates were disturbed more than 100 times each day. Babies in the low dependency region of unit B were held significantly more than the corresponding neonates in unit A during the daylight hours (p<0-002). No differences were apparent at night.
Neonates within the high dependency areas were asleep (Brazelton states I-II) for 76% of the time. Periods of wakefulness were associated predominantly with either nursing or medical procedures. The maximum number of consecutive observations of 'asleep' was 11-thus the maximum period of uninterrupted sleep was only 11 mintues in either unit, while infants in the low dependency areas had longer periods of uninterrupted sleep (mean 34 minutes).
All infants undergoing phototherapy initially had their eyes covered with protective eye shields.
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During this study we noted that these shields did not fully cover the babies eyes for 56% of observations (9292 out of 16615) made while neonates were undergoing phototherapy in either of the units studied. Discussion During early development the eyelids are fused, usually beginning to open during the sixth month of gestation (24-25 weeks). We found that preterm neonates (24-26 weeks' gestation) had their eyes shut for only 55% of the time, while older neonates opened their eyes less often (fig 1) . Little is known about the effects of early exposure to the environment on the developing visual system, this has been reviewed by Fielder et Second, visual development, and the early visual experience on this process. The visual experience of these preterm neonates can not be determined without knowledge of the frequency and duration of eyelid opening and clearly this information is a prerequisite to investigating the factors which may influence visual development.
